It has been suggested that variances in the anatomy of the acetabulum determine the type of hip fracture in elderly patients. Based on this concept, an overly anteverted acetabulum would lead to impingement of the femoral neck against the posterior rim of the acetabulum, causing a femoral neck fracture, whereas with a retroverted acetabulum, external rotation of the hip would be limited by the capsular tissues attached to the trochanteric region, causing a trochanteric fracture. To test the hypothesis that acetabular version predicts hip fracture type in elderly patients, we measured acetabular version using computed tomography scans for 135 patients with hip fracture. Logistic regression analysis was used to check for an association between version angle and fracture type. No significant relationship between acetabular version and fracture type was found. Therefore, we conclude that acetabular version angle does not predict hip fracture type in the elderly, and our data do not support the impingement concept as the mechanism of hip fractures.
Introduction
Trochanteric and femoral neck fractures each account for approximately 45% of all hip fractures in the elderly. 1 However, it is unclear what factors lead to a particular fracture pattern. When a second contralateral fracture occurs, the fracture pattern is usually the same as that of the original fracture. 2 This similarity in fracture pattern has led some researchers to postulate that something about the anatomy of a patient makes one type of fracture more likely to occur than another. 3 Patients with trochanteric fractures tend to be older and have more medical comorbidities than patients with femoral neck fractures. 4, 5 Because 84% of hip fractures are caused by a direct fall to one side, bone mineral density, 6,7 geometry of the proximal femur, [8] [9] [10] [11] fall velocity, 3 and the trabecular structure of the bone 7 are thought to be critical factors in determining the type of fracture sustained.
Binns et al 12 have suggested that femoral neck fractures are caused by impingement of the femur on the acetabulum. If this is true, then anatomical variances in acetabular version would make a patient more susceptible to one type of fracture than another. For example, in an anteverted acetabulum, femoral neck fractures could occur when the femoral neck impinges on the posterior acetabular rim, whereas in a retroverted acetabulum, trochanteric fractures might occur when the capsule limits the external rotation before acetabular rim contact (Figure 1 ). Version of the normal acetabulum has been estimated to range between 20 and 23 , with 90% of acetabuli ranging between 14 and 31 . [13] [14] [15] [16] If the version of the acetabulum plays a role in fracture pattern, the natural range should allow for a distinction of angles between these 2 groups.
Our goal was to determine if acetabular version angles predict the type of hip fracture in the elderly patient. We hypothesized that, when controlling for age and gender, acetabular version would predict hip fracture type in the elderly patient.
Materials and Methods
We received approval from the Institutional Review Board to conduct this study. Using hospital coding data, we identified 416 patients at least 65 years old who had sustained a femoral neck or trochanteric fracture between January 1, 1999, and December 31, 2007. Of those 416 patients, 136 had a standard abdominal or pelvic computed tomography scan. One of those patients was excluded because of the scan's poor image quality. The remaining 42 men and 93 women (mean age, 81 years; range, 66-96 years) formed our study group.
We classified each fracture according to the AO/OTA 2007 Fracture and Dislocation Classification Compendium. 17 For analysis, all 31-A type fractures were called trochanteric fractures whereas all 31-B fractures were called femoral neck fractures. Acetabular version was measured on computed tomography scans using an advanced visualization workstation (version 5.30.7.26; Emageon, Inc Birmingham, Alabama) for all angular measurements. 16 For each measurement, the axial section was used at the level of the midfemoral head. A line was made between the anterior and posterior acetabular ridge. A second line was made as the horizontal between the posterior acetabular ridge on both sides of the pelvis. The version angle was measured between the acetabular line and the perpendicular to the horizontal line ( Figure 2 ).
To document repeatability of the acetabular version measurements, intrerobserver variability was recorded for a subset of 10 study patients. The degree of acetabular version was measured on each of these scans in a randomized order by the same reader on 5 consecutive days. A difference of 0.6 was found.
We used logistic regression analysis (Stata10; StataCorp LP, College Station, Texas) to check for significant (P < .05) associations between hip fracture type and the following covariates of acetabular version: angle, age, and gender.
Results
The overall mean acetabular version angle was 23.5 (95% CI, 20.7-26.2). Sixty-two patients (mean age, 81.3; 95% CI, 76.1-86.5 years) sustained femoral neck fractures with a mean acetabular version of 21.4 (95% CI, 16.9-25.9 ). Seventy-three patients sustained trochanteric hip fractures (mean age, 80.6; 95% CI, 75.5-85.6) with a mean acetabular angle of 19.9 (95% CI, 15.6-24.2 ). Table 1 shows the mean version angle by fracture subtypes as determined by the OTA fracture compendium. 17 We examined the relationship between acetabular version, age and gender, and fracture type (femoral neck vs trochanteric). There were no significant associations between acetabular version and fracture type (odds ratio [OR], 1.06; 95% CI, 0.983-1.14), age and fracture type (OR, 1.01; 95% CI, 0.960-1.07), or gender and fracture type (OR, 1.28; 95% CI, 0.582-2.85).
Discussion
Our results led us to reject our hypothesis that acetabular version plays a role in predicting the type of hip fracture sustained by an elderly patient. Age and gender did not have a statistically significant effect on the likelihood of sustaining a femoral neck or trochanteric fracture. The version of the 2 groups was different by 1 , with marked overlap of the distribution of the groups. We estimate that, to be clinically relevant, the number of degrees needed between groups to be significant would be 5 to 10 . A difference of that amount would fit into the 16 range of acetabular version that is normally seen among 90% of people [13] [14] [15] [16] and would discount the impingement theory of hip fractures, which suggests that femoral neck fractures occur from contact between the femoral neck and the acetabulum during a fall. Although it is possible that some subset of fractures could occur with this mechanism, the angle of the acetabulum does not predict whether a femoral neck or a trochanteric fracture results.
Even though the anatomy of the acetabulum does not predict fracture type, the anatomy of the proximal femur may play a role. Anatomical features of the proximal femur that may affect fracture type include: the morphology of the bone as measured by the hip axis length; the neck shaft angle or femoral neck width 18 ; factors related to bone density, such as the cortical thickness or cancellous bone density 3 ; fall mechanics; visual acuity; and gait speed. 19 It may be that a multifactorial cause is more likely to predict which type of fracture an elderly person sustains after a fall.
The ability to predict fracture type would be potentially useful for researchers who have begun to investigate mechanical methods to prevent fractures. These methods include fixation with an intramedullary nail 20 or strengthening of bone with reinforcing materials. 21, 22 A way to predict fractures may allow for selective strengthening of the area at the most risk for future fracture. The results of our study indicate that measurement of acetabular version would not be helpful.
Limitations of our study include its retrospective nature, small number of patients, and potential variations in pelvic tilt that could have affected the angle of acetabular version. The amount of femoral anteversion present in each patient could also potentially affect our results. Computed tomography scans that include the entire femoral shaft would be required to determine the combined version of the femur and acetabulum.
In conclusion, acetabular version does not predict fracture type in the elderly patient with hip fracture. Although impingement may lead to some femoral neck fractures, it does not seem likely that the version of the acetabulum plays a role in the development of a femoral neck or trochanteric fracture after a fall. 
